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EUSTIS DIRECTORATE POSITION STATEMENT

This report shows that a low power communications jammer , carried by a mini -RPV , is
a feasible means of jamming enemy communications. The lack of detailed data precludes
an exact determination of the effectiveness or range of such jammers. The results of
this fligh t test program will be integrated with the results of the Army ’s AQUILA RPV
Systems Technology Demonstrator Program and the Air Force’s mini-RPV harassment
program to determine the military requirements for a communications jamming system
using mini-RPVs. This determination will be made by the newly formed U.S. Army
Intelligence Command.

Mr. Russell 0. Stanton of the Systems Support Division served as the project engineer
for this effort. CPT Tom Vollrath of the U. S. Army Intelligence and Security Command
served as an assistant project engineer for the jammer portion of the technical effort.

DISC LAIMER S

The findings in this report are not to be construed as an official Department of the Army position unless so
desi gnated by other authorized documents .

When Government drawings , specifications , or other data are used for any purpose other than in connection
with a def in itel y re lated Government procurement operation , the United States Government thereby incurs no
responsibility nor any obligation whatsoever: antI the fact that the Government may have formutat ed , furnished .
or in any way supplied the said drawings , specifications , or other data is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or corporation , or conveying any rights or
permissi on, to manufacture , use , or sell any patented invention that may in any way be related thereto.

Trade names cited in this report do not coonitute an offic ial endorsement or approval of the use of such
commerciah,Iiardware or software,

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to she originator . 
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INTRODUCTION

The utility of dep loying a low power communications jammer on an
RPV was demonstrated during flight tests at Fort Huachuca , Arizona. Two
different jammers were used during the tests: a narrow band jammer and
a barrage jammer . The narrow band (spot) jammer was designed and fabri-
cated under this contract , while the barrage jammer was furnished by Army
Security Agency (ASA) . The spot ja inmer has a frequency range of 30 to 76
MHz at a powe r output level of either 25 , 10, or 5 watts. The jammer is FM
noise modulated with a frequency dispersion variable from 3 to 200 kHz . The
frequency and dispersion are controlled from the ground and were operated in
a “hands on ’1 mode ; i .e. ,  the signal to be jammed was selected by the ground
controller , and the jammer frequency and dispersion were adjusted for opt i -’
mum power density. The ASA barrage jammer was used essentially “as is ”
(the modules were repackaged so as to be interchangeable with the spot
jammer) .

The jammers were mounted in two different RPV ’s for the flight tests:
the Mel par E-45 and the E— 100. The E-45 was supp lied as government -
furnished equipment (GFE) from a previous effort and required onl y minimal
refurbishment in addition to the installation of the jammer . The E— 100 was
purchased from Mel par and required fairly extensive modifications , includ-
ing the addition of autopilot control , alternator—power supply, Vega control
link , as well as the installation of the jammer.

The RPV ’s and jammers were controlled from the ground via an RF
control system manufactured by Vega Precision Laboratories. The system
includes a full  duplex communication link , tracking capability , and a position
plotter . The ground controllers were located in a van which contained the
RPV control panel , the jammer control panel , and the Vega tracking system .
The control van and Vega system were also GFE .

7
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DESCRIPTION OF PROGRAM COMPON ENTS

E-45 RPV

Aircraft Characteristics and Construction—The Melpar E-45 is a single-
engine , twin—boom , pusher , RPV. The tail booms are made of 2” diameter
fiberglass tubing with a 1/32” waIl thickness. The wing panels , and horizontal
and vertical stabilizers , are constructed of a lightweigh t Styrene foam inner
core wrapped with a laminate of a 1/8” high density foam and a two—pl y fiber-
glass cloth skin . The wing includes a tubular fiberglass spar for additional
strength . The outline drawing and construction technique of the E—45 are shown
in Figures 1 and 2 , and a photograph of the E—45 is shown in Figure 3. Aircraft
specifications and performance typical for the E—45 are shown in Table 1.

Engine/Alternator—The E—45 utilizes a single-cylinder , two—cycle engine
manufactured by Olson and Rice. The engine burns gasoline and , with a dis-
placement of 2.0 Cu. in. , produces 2 hp . (See engine power curve , Figure 4~ )
The propeller used on thi s engine is two bladed , 18 inches in diameter , and has
a 9—inc h pitch.

The dc power required by the RPV is generated by an alternator driven
directly from the engine. The Hanson Energy (model HSA-8100) alternator
generates approximately 85 watts of power at speeds ranging from 3000 to
8000 rpm . The alterimtor has four output windings and a field winding pro-
ducing 15 Vac at 2 .5 A , 15 Vac at 2.5 A , 5 Vac at 1 A , and 5 Vac at 2 A. The
output voltages are maintained at a constant level over the entire speed range
through the use of a feedback arrangement which controls the magnitude of the
field current .

Controls/Actuators—The E— 45 controls consist of throttle , elevator ,
and twin rudders. The controls are activated by Kraft (model KPS-15 II H)
position servos. The servos operate from a voltage source of +4~ 8 Vdc at 750
mA (max. ) and produce a static torque of 38 in. oz. The position of the servo
is determined by the width of a control pulse (the control pulse has a range of
1.0 ms to 1. 8 ms , at a 50—Hz repetition rate) which produces a 1000 rotation.

E-100 RPV

Construction and Characteristics—The Melpar E— 100 is a single-engine ,
twin—boom , pusher , RPV. The tail booms are made of 2” diameter fiberglass
tubing with a 1/32” wall thickness. The wing panels , and horizontal and vertical
stabilizers , are constructed of a lightweight Styrene fo am inner core wrapped

8
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TABLE 1. AIRCRAFT SPECIFICATIONS AND PERFORMANCE
TYPICAL FOR E-45

AIRCRAFT SPECIFICATIONS - TYPICA L FOR E-45

Wing Span 120 in.

Wing Area 1344 sq in.

Overall Length 93.0 in.

Overall Height 20.0 in.

Air Foil NACA-4415

* Empty Weight 29 lb (includes autopilot and
(less payload) power supp ly)

Payload Weight 10 lb

Fue l Capacity 6.0 lb

Engine 2 hp, 1 cylinder , 2 cycle

Propeller Diameter 18 in.

*See Appendix A

AIRCRAFT PERFORMANCE - TYPICAL FOR E-45

Takeoff Weight 45 lb

Rate of Climb 750 fpm

Cruise Velocity 50 mph

Service Ceiling 10 , 000 feet

Endurance 5 hr

Stall Velocit y 40 mph

12
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with a laminate of a 1/8” , hi gh density foam and a two—p ly fiberglass cloth
skin . The wing includes two tubular fiberglass spars for additional strength.
The specifications and performance characteristics of the E— 100 are shown in
‘Fable 2 , and an outline d rawing is shown in Figure 5. Actual photographs of
the E- 100 are shown in Figures 6 and 7.

Engine/Alternator—The E— 100 utilizes a four—cylinder , two-cycle
engine manufactured by Ross Power. The engine burns glow fuel , and with a
displacement of 5.25 cu. in. , produces 6. 5 hp. The propeller used in thi s
engine is two bladed , 22 inches in diameter , and has a 12—inch p itch.

The dc power required by the RPV is generated by an alternator driven
from the engine via a 2. 5:1 step—up belt drive. The Electro Pacific model
1-1220 alternator generates approximately 225 watts of power at speeds
ranging from 7500 to 17, 500 rpm . The alternator has four output windings
and a field winding, producing 28 Vac at 4A , 15 Vac at 2 A , 15 Vac at 1A , and
S Vac at 3 A. The output voltages are maintained at a constant level over the
entire speed range through the use of a feedback arrangement which controls
the magnitude of the field current .

Control s/Actuators—The E—1 00 controls consist of throttle , elevator .
twin rudders , and ailerons. As indicated , the E— 100 contained both ailerons
and rudders; however , in norm al flight (Vega manual , or autopilot control)

F only the ailerons are in operation. The rudders are included for landing
purposes only (pr imari ly  for use in the event of cross winds) and are controlled
via the Kraft link onl y. The controls are actuated by Kraft (model KPS-15
LI II) 1,~ sition servos as described previously.

Corn mand and Control/Autopilot/Downhink Telemetry

The avionics of the E-45 and E— 100 consist of a primary control link
(Vega), a backup control link , autopilot (including the on—board sensors), down—
link telemetry, jammer , and power supply. A simplified block diagram is
shown in Figure 8.

Manual Control via the Kraft System—The Kraft system is used as a
bac kup to the Vega system and as a fail-safe control mode in the event of power
failure aboard the RPV. The latter utilizes an on—board battery which supplies
power only to the Kraft—related circuitry. Manual control of the RPV via the
Kraft system is achieved by applying the output pulses of the Kraft receiver/
decoder directl y to the control actuators via mode (Kraft /Vega) switching cir-
cuitry. The mode switching is controlled by either of two events: loss of

14
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TABLE 2 . AIRCRAFT Sp 1;ClFICATl ~~N~ A N I )  PERF 1 )I (~ IAN ( ’E
TYPICA L FOR E— 100

AIRCRAFT SPECIFICA TIONS — TYPICAL FOR E— 100

Wing Span 129 .0 in.

Wing Area 2 , 06-1 . 00 sq. in .

Overall Length 10~ .O in.

Overall Heig ht 22 .5 in.

Air Foil NACA-441 5

Empty Weight 50 11) (includes autopilot and
(less pay load) power supp ly)

Payload Weight 52 lb

Fuel Capacit y 1~ lb

Engine 6. 5 hp, 1 cy linder , 2 cy cle

Propeller Diameter 22 in.

See Appendix B

AIRCRAFT PERFORMANCE - TYPICA L FOR E-100

Takeoff Weight 110 lb

Rate of Climb 750 f pm

Cruise Velocity 7S m ph

Service Ceiling 5 , 000 ft

Endurance 5 hr

Stall Velocity Is m ph

15
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power a~ (leflotedi b the loss of +15 Vdc , or a command received from the
Nr aft ground station. The command from the ground station consists of
transmitting wide pulse widths (greater than 1. 8 milliseconds) on channels
5, 6, and 7 simultaneously . Upon recognition of the command , the mode
switching circui try transfers control of the RPV from Vega to Kraft.

Manual Control via the Vega System—Manual control of the RPV via
the Vega system is achieved through proportional channels 1, 3, and 6. The
signal derived from the proportiona l channels is an analog voltage with a range
of 0 to i-3 Vdc. As previously discussed , the control signal to the avionic
actuators is a train of pulses wherein the position of the actuator is determined
by the pulse width. Therefore , in order to control the RPV via the Vega
system , it is necessary to convert the analog voltage to a train of pulses , the
width of which is proportional to the analog voltage . The analog voltage app lied
to the analog to pulse width converter is derived from either the Vega system
or the autop ilot as determined by mode (Vega manual/autopilot) switching cir-
cuitry. The position of these mode switches (there are three: throttle , rudder
and elevator) is controlled individuall y from the ground via Vega discrete
channels 1, 2 , and 3, respectively.

As previously mentioned , the analog to pulse width converter is driven
either from the autopilot or directly from the Vega uplink decoder. The control
voltages produced by the autopilot range from — 1 Vdc to +1 Vdc ; therefore , in
order to have compatibility between the Vega manual control voltage and that
produced by the autop ilot , the control voltages from the Vega channels as-
sociated with the control of the RPV (channels 1, 4 , 5, and 6) are converted
from the original 0 to +5 Vdc to —1 Vdc to +1 Vdc .

Autopilot

General Description—In the autopilot mode , altitude , angle—of—attack ,
and heading are maintained by three independent feedback loops which control
throttle , elevator , and ailerons or rudders , respectively. In general , the
flight sensors measure the status of the aircraft which is then compared to
the desired or commanded statu s (the autopilot receives these command s via
the up link control). In addition , there are fixed on—board (implied) commands
such as zero rates of change in yaw and pitch.

Altitude Loop—For the altitude control loop, the horsepower of the air—
craft  engine determines the rate of climb of the vehicle. The altitude control
l oop is shown in Figure 9. Engine throttle position is controlled by a given
altitude error .  It is assumed that a change in horsepower is proportional to a

20
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cha nge in throttle position . Thus , al ti tude errors control horsepower
di rectly . ‘l’he value of G 11 (A list of symbols is shown in Figure 10) is
determined by the’ characteristics of the a i rcraf t , its controls , and the
allowable altitude error band which can be tolerated .

Angle—of—Attack Loop—The block diagram of the angle—of—attack
control loop is shown in Figure 11. In this feedback circuit , the elevator rate
is controlled by both pitch rate and angle of attack. The pitch rate feedback
provides short—term inertial pitch stabilization , while the average value of -‘,
is maintained by the commanded and measured ~~.

Heading Loop—The heading loop is illustrated in the simplified block
diagram of Figure 12. For clarity, the corrections in magnetometer error
ind uced by roll are not shown. The automatic heading control aligns the
average magnetic heading of the aircraft to the commanded value. Short—term
stabilization in yaw is obtained by the yaw rate feedback path which provides
the proper damping. Yaw rate is also passed through the lossy integrato r and
provides short—term (relative to 1’) correction in heading error .

Sensors—The angle—of—attack sensor generates a signal proportional to
the angle of attack. It is basically a moving vane mechanically coupled to a
potentiometer and placed in the airstream to monitor the direction of the
velocity vector of the aircraft .

The heading sensor generates signal s which provide heading deviation
from magnetic north . It is a two—axis magnetometer (Develco model 9100A)
that generates voltages proportional to the components of the earth’s magnetic
field in the x and v axis directions of the aircraft ’s coordinate system.

The yaw and pitch rate sensors generate signals proportional to the
rotational rate of the aircraft about its z (down) and y (righ t wing) axes , re-
spectively. These sensors are rate gyros (Hamilton Standard model 10—
034 14—005).

The altitude sensor generates a signal proportional to the altitude and
is a barometric pressure gauge (National Semiconductor model LX 16O1A).
Since precision altitude information is not needed on the aircraft for normal
AP operation , the pressure gauge type sensor is adequate . The inherent
errors of this type of altitude measuring device do not present any problem.

Magnitude of aircraft velocity is not used or needed by the autopilot. It
is sensed and used primarily for the aircraft status disp lay in the ground control

22
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H = altitude

GH 
H feedback gain

= H commanded

H = aircraft aerod ynamics related to H
H

= ang le of attack

G = ~ feedback gain

= ~ commanded

H = aircraf t  aerodynamics related to ‘i

0 = pitch rate

~ feedback gain

H
~ 

= aircraft  aerodynamics related to ~

= angular heading

= feedback gain

H .~ aircraft  aerodynamics related to

= yaw rate

= feedback gain

¶ T = t ime constant

Figure 10. Autopilot Symbols List
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stat ion.  The sensor is a pressure gauge that  m easu f I S  the dv n ai  I I I  i c s  su i t

of the free airstrcam relat ive to the a i rcraf t .  Thi s  typ e of ve lo c i ty  s t ti s  r
generates a signal proportional to the square of the  airspeed. A pho togr Ip li I t

the sensors is shown in F igure 1~ .

Fai l -Safe  Devices

The safety of the RPV is the pr ime concern of the i m p lementa t ion  of the
electronic systems. The pr imary concerns are loss of control due to a f a i l u r e
of the Vega uplink , engine fai lure , and radio frequency interference (H Fl ) .

Kraft Takeover—The loss of control due to a failure in the Vega uplink
system has been minimized by the inclusion of a backup control link . The
backup control link utilizes a Kraft radio control system operating at a fre-
quency of 72.40 MHz. The system is implemented to take priority over the
Vega system so that in an emergency situation the control of the RPV is trans-
ferred to the Kraft link immediately upon receiving the Kraft signal .

Kraft Emergency Power—The power required by the electronic circuitry
is supplied by an alternator driven directly from the engine. Therefore , in the
event the engine quits , power generation would cease and the RPV could no
longer be controlled. In the event the RPV was beyond the visual range of the
pilot , control of the RPV with a dead engine would be academic ; however , in
the near vicinity, the RPV could be “dead stick” landed and thus saved. In
order to permit control in the event of engine failure , a battery has been
implemented to supply power to circuitry associated with control via the Kraft
system. The system has been implemented so that the +5 Vdc line is auto-
matically switched to the battery in the event the +5 Vdc generated from the
alternator is lost. In addition , the control lines to the elevato r , rudder , and
throttle are switched from Vega or autopilot to Kraft .

Vega Dropout Indicator/Circle and Climb—As previously indicated , the
loss of control due to a failure of the Vega link is a prime concern. Therefore
it is necessary to have a means of indicating the status of the link , and to take
some action to assure the safety of the RPV in the event of that failure. A
means of determining the operational status of the Vega link was implemented
by cont inuously transmitting a signal which could be monitored; therefore loss
of that signal was construed to be a Vega failure. The signal was a 4 Hz
square wave transmitted via discrete channe l 5. The autopilot is capable of
flying the RPV without any direct control from the ground , utilizing prepro—
grammed on—board commands. Therefore , the loss of the Vega signal was
implemented so as to transfer control of the RPV to autopilot , preprogrammed
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Figure 11. Autopilot l”l ig ht ~cns rs
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to circ le  left awl ( l i m b  to a preset  a l t i tude , thus  per ’u i t t i n g  ti to e  to re-
est ablish th e \ e g i l i nk  or t ransfer  to l K r i t  t.

Down l ink  Telemetry

‘l’he’ ( lo \ vnl ink  te lemetry is incorporated so that  the ground cont ro l l er
can de te rmine  the i n — f l i g h t  status of the RP V and the on—board  j a t i~ f l i er .  The
data is t r ansmi t t ed  via  the \ ega RF  l i n k  and cons i s ts  of:

1. Alt i tude

2. Heading error

3. Velocity

4. Engine RPM

3. Angle of attack

6. Yaw rate

7. Rudder position

8. Elevator position

9. Antenna V SWR

10. RF power

11. Antenna length

The Vega transmission link has only an eight—channel capacity; there-
fore , it was necessary to incorporate a means of switching data points on
three channels. The switching was implemented via the Vega link util izing
discrete channel No. 4 , which was controlled by a sw~Lch on the autopilot
control panel.

RF Control Links

General Descriptio n of Vega Tracker/Control System—The Vega sYstem
combines the functions of tracking, position display, and a full dup lex data l ink
into one i ntegrated unit. The s stem consists of a ground—located radar beacon
tracking station and an airborne transponder/encoder—decoder. The beacon
tracking sy stem prod uces a slant range and bearing information which is d i s —
playedi on an X— Y plotter , thereby indicating the position of the beacon. The
communication link is implemented by a four—pulse codle format  employing
pulse position modulation. The communication link employs t ime ( L V i S i O f l
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on t he up link and eight l o o p o r t i o l i a l  channe l s  t i  the downl i nk .

Ground System — ‘lhe gr( lund s ta t ion  ( ( 1 1 5 1  sts ~ f th l ee  sep t l a t e  p:u La~ k
i. • , the antenna unit , the radar  c (fit rolle I , at i t i  the p lotter . A j )h ot ( Igra~)h
the ground station is shown in Figure 1-! . I h u  antenna uni t conta ins  all the HF’
components , i .e .  , th e antenna , the t r a n s m i t t e r , and the receive i . t h e
antenna is a cosicant  squared conf igura t ion producing in an tenna  pat tern ~ ith
5— 1/2 ° horizontal beam width and a 17° v e r t i e i l  beam width . The tracking
signal uses a dual beam—null seeking concept which is in ip lemented through
the use of two antenna probes which are electronically switchedl in the receive
mode. The transmitter produces a peak pulse power of 1500 wat ts  at a pulse
width of 0.3 microsecond. The repetition rate of the fou r pulse code is 500 lI z .

The receiver is a superheterodyne type exhibiting a sensitivity of ap—
proximately —80 dBm. The bandwidth of the receiver is 10 MHz at an IF fre-
quency of 70 MHz .  The receiver and! t ransmi t te r  will tune over a frequency
range of 3.400 to 3.900 GHz and was tuned to 3.82 5 and 3.723 Gll z , respec-
tively, at Fort Iluachuca.

The radar controller includes the encoder and decoder associated with
the data link , the antenna control circuitry,  etc. As previously mentioned , the
uplink has a capacity of six proporti onal channels and eigh t discrete channels ,
while the downlink has a capacity of eight proportional channels. The propor-
tional channel encoder accepts a voltage continuously variable from 0 to +5
Vdc and has a 30—Hz bandwidth . The data link has a 1:1 transfer fru nction;
i. e., the voltage level which is applied to the encoder is produced by the de-
coder. However , the resolution is limited to ±5 millivolts. The level into the
discrete channels is either 0 or +5 Vdc and also has a 1:1 transfer function.
The discrete channels incorporate a smoothing arrangement which reduces
the bandwidth to 5 Hz .

The plotter accepts the bearing and slant range informat ion from the
radar control unit and translates the information into a continuous position
plot of the RPV .

Airborne System— The airborne system consis ts  of a transponder
(model 319C), an encoder/(lecodlei’ (model 7G3 ),  and an antenna. The airborne
system , unlike the ground sy stem , does not t ransmi t  continuously , but onl y
upon reception of a signal with the proper format.  The video replica of the
received signal is applied to the encoder/decoder module. I pon recogniti on of
the proper signature (namely, the fi rst two pulses with a 5—microsecond s p a c in g )
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the signal is decoded . In addlition , after a fixed! delay , the lou t —p uls e ( ( Ide
containing the downlink d ata is transmitted .

The transmitter pulse widith is 0. 4 microsecond with a peak pulse power
of 5 watts. The receiver is of the superheterod yne type with a sensi t ivi ty of
approximately —70 dlB m , a bandwidth of 20 MHz , and at an IF frequency of 70
MHz.

‘l’he transmitter and receiver tune over a frequency of range of 3.400

to 5. 900 GHz and were operated at 5. 825 and 5. 725 Gllz , respectively, at Fort
Fluachuca. The transponder has a power requirement of +24 Vdc at a current
of 50 mA.

The decoder/encoder has an up link capacity of six proportional channels
and eight discrete channels. The downlink has a capacity of eight proportional
channels. As in the ground station , the input/output range is a conti nuously
variable 0 to +5 Vdc range at a 30—Hz bandwidth for the proportional channels
and 0 or 5 Vdc for the discrete channels. The power requirement is +24 Vdc
at a current of 450 mA.

The antenna is omnidirectional , exhibiting a typical doughnut shaped
pattern.

Kraft Command and Control Sy stem—The Kraft system is a commercial
radio control link which consists of a ground control transmitter , an airborne
receiver/demodulator , and the associated servo control actuators. The control
link has a capacity of seven proportional channels implemented! in an eight—
pulse modulation format utilizing pulse position modulation. The system is
unique in that the transmission of a pulse consists of turning the t ransmit te r
off as opposed to the conventional t ransmission of a signal . The frequenc y of
the transmitter is 72.40 MHz at a power output of approximately 400 mil l iwat ts
with a pulse width of 400 microseconds. The repetition rate of the eight—pulse
sequence is 30 Hz. The transmit ter  operates from a self—contained 9—V re-
chargeable battery .

The receiver is of the superheterodyne type , exhibiting a sens i t iv i ty  of
3 microvolts , a bandwidth of 6 kHz , and an IF frequency of 435 kHz. The
vidico replica of the received signal is demodulated anel processed in the form
of seven separate variable width pulse trains , each occurring at a 50—liz
repetition rate. The control actuators are position servos which are dr iven
directly from the demodulator output. The position of the servo is d i r ect l y
proportional to the wid th of the control pulse train.

:11

~ IAI ~~~~~~~~~~~~~ ~~ 1 _ _
~~~~~~~ ’ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 



~ .

Launche r

‘l’hc R P V ’ s a re  launched from a t ruck—top launche r in order to more
rel iably attain launch velocity at short , unimproved sites. The launcher  is
essential ly a cradle providing a three—point support for the RPV. (See
photograph , Figure 3 .) The RPV is held onto the cradle via a cable attached
slight l~’ fo rward of the center of gravi ty  (CG) of the RPV (the cable is fastened
tI the cradlie cia a quick—release mechanism).  The cradle is attached to the
launch p latform at a sing le pivot point at the forward end , the reby permitting

• a caster effect , which is limited at approximatel y ±30 degrees . The caster
effect allow s the RPV to face into the wind in the event it is necessary to
launch the HP V in a cross wind . The cradle also includes a counter—balance
arrangement which is adjusted S I  that the cradllc exhibits a weight that is
equa l to 20 , . of the weight of the RPV at the CG. The additional weight
assures a good lift—off f rom the launcher when the RPV is released. As the
ground speed that is required to lift the RPV is affected by the wind , a pos-
itive lift indicator is incorporated into the launcher to assure adequate speed
prior to release . The point at which lift—off is acquired is monitored by a
switch arrangement  attachedi to the cradle , and is indicated by a light inside
the cab uf the truck . Upon attaining an indication of lift , the RPV is released
via a hand mechanism actuated from inside the cab of the truck .

J a iii m ers

Two separate jammers are used on this task: a narrow band (spot)
j ammer  designed and fabricated under this task and an ASA barrage jammer
supp lied as GFE . The two j a mmers  are packaged so as to be direct ly inter-
changeable.

Narrow Rand Ja rnmer

General Description—The narrow band jammer is operated in a “hands—
In ” mode , with the frequency and dispersion controlled from the ground via

the Vega l ink.  The j a mmer  comprises tour  major  building blocks : the wide
band power amp lif ie r , voltage controlled oscil lator , frequency/ dispersion
control , and power lcveling/VS\VH (voltage standing ratio) shutdown c i rcui t ry .
A b lock diagra m of the j amm er  is show n in Figure 13 .

\‘a r i t b t c  Frequency Source—The frequency source for  the j a m m e r  is
the MC 1t ; -l ~ voltage controlled oscillator (VCO) . It is an integrated circuit
capable  t tuning up to 130 ~ll1 , .  with the appropriate varactur  diodes. The
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sell at r is v er y  s imp ly imp ;ementcdl in a sepa rate H 1”! compartment  in the
j a m m e r  package and covers the 30 t I  76 \ l t i z  range with  a tuning voltage of
2 to 10 V I I I t 5 . The 2 to 10 VI lt s tuning is der ived f r o m  the 0 to 5 volts  Vega
analog up link f requency command . Since the 0 to 3 volts up l ink f rom the Vega
radar control has a maximum resolution of 5 m V it did not provide adeq u ate
tine frequency control , as 5 mV represented a frequency step change on the
oscilla tor of up to 50 kHz on the most sensitive portion of the oscil lator  tuning
curve . This made it impossible to provide the 30 kHz c h a n n e l  tuning without
imp lementing a Vernier frequency control.

The technique emp l ( Iy cdI  to include fine frequency control involved an
up—down counter , a clock , and a R211 ladi dler network configured to provide
essent ia l ly  continuous fine tuning over +200 kIlz of the coarse frequency
setting .

Dispersion Increase/Decrease Control—The dispersion control is
preset in the j ammer  for a maximum of 200 kHz at the least sensitive point on
the voltage tuning curve. This wil l  assure a minimum of 200 kHz wide jam
signal anywhere over the 30 MFI z to 76 ~‘dHz range of the t ransmit ter .  The
technique use d to imp lement the dispersion control is that of an up—down
counter and digital attenuator combination. When a dispersion adjustment
is commanded , the counte r is turned on , loading a new digital numbe r into
the attenuator which varies the noise amp litude into the voltage controlled
oscillators (VCO) . When the transmitter is initiall y turned on , the control
is arranged to present a dispersion width of 100 kHz minimum . By command-
ing “Dispersion Increase or Dispersion Decrease ” the range may be ya ricd
over a width of 0 to 200 kHz. The Vernier dispersion control versus a fixed
preset control is used in order to produce the optimum jamming power
density for the specific threat such as sing le or multichanne l communications
links .

Wide Band, 25 Watt, Amp lifier—The RF signal produced by the VCO
is at a power level of 10 mW. This signal is boosted to 25 watts by a wide
band amplifier , consisting of three cascaded amplifier stages. The first
stage is a variable gain arrangement comprising a single 2N3566 transistor .

The second stage consists of a hybrid wide band amplifier (Motorola
MHW 561) which has a power gain of 14 dB. The third stage is a parallel
arrangement of two transistor (2N6199) stages , operating class C. The
transistors exhibit a gain of approximatel y 14 dB w ith a maximum RF output
power of 3~Y watts . The RF output of the two stages is subsequently combined
via a quadrature hybrid.
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Power Leveling/VSWR Shutdown Circuitry—The power output level of
t h e  wide band amplifier varies from the low end of the frequency (30 Mh z) to
the high end (76 MHz) due to the inherent capacity of the transistors. There-
fore , in order to maintain a constant power level across the frequency band ,
a power leveling circuit uti l izing a closed loop feedback arrangement was
incorporated. The feedbac k signal is obtained by rectifying a sample of the
HF output signal . In order to prevent antenna mismatches from producing
erroneous levels , the RF level is sampled via the forward port of a dual
directional coupler . The dc level obtained from the detector is compared to
a dc level known to be produced by a specific power level. The error voltag e
thus produced is utilized as an automatic gain control (AGC) voltage, which is
applied to the first stag e of the wide-band amplifier .

The phase of the AGC voltage is arranged so as to reduce the error
vo ltag e to zero . Some diff icul t y was encountered with the power leveling
arr angement  at the low—frequency (below 40 MHz) end of the band. The
harmonic signals generated by the class C final stage added directl y to the
fundamental  at the detector , thus producing an erroneous output . The feedback
loop therefore  changed the amplifie r gain so that the sum of the signals was
equal to that specified for the fundamental alone : thus the fundamental was
incorrect in this  case below the specified power level. A low pass filter with
a c o r n er  f requency of 76 MHz was subsequentl y incorporated between the
a m p l i f i e r and the directional coup ler . However , as the bandwidth (30 to
7 4;  M U z t  is greate r than an octave , the second harmoni c of frequencies below
i~ M I l z  could not be attenuated. The low pass filter improved the power level-
ing .  m a i n t a i n i n g  a constant level from 76 MHz to 40 l~IHz . However , over the
f r eq u e n cy  hand of 40 M h z  to 30 M h z  the power output was reduced by 1. 2 d B.
To ma in t a in  a constant power level over this frequency range it would be
ne ce ssa ry  to include a second low l ass fil ter with a corner frequency at mid
band , thus  necessitating a switching arrangement between the two filters. The
pu\ver leveling c i r cu i t  is also utilized as a means of varying the output power
level , by selecting a refe rence voltage proportional to 5, 10 , or 25 watts via a
switch accessible through an access hole in the cover .

The transmitter  also incorporate s a means of preventing a large mis-
match at the RF output port (and thus a high VSWR on the transmission line)
f rom damaging the output transistors . The damage is due to thermal  over—
Ili ad since the RF power normal ly  radiated by the antenna is reflected back into
the t ransmit te r and dissipated in the transistors .

The VSWR shutdown is actuated by a dc voltage proportional to VSWH ,
which is obtained from the reflected port of the dual directional coup ler used
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i n the power  l e v e l i n g  circui t . The \ S \ V h l  shu tdtown  t~et~~ut’h.  i s u c  hosed 1oop
a t ’z ’ :t ngement i m p lemented by comparing the feedback signal  to a dc level known
to  he p roduced h~ U s p e c i f i c ’  \ S\VR (in th i s  case :o \ S\ VH of 2:1 at a t ) 1 I ~~ el level
( I t  ..~~~I \\ : tt ts  ) , The e r i o !  voltage is imp lemented to cont ro l  the AGC level (in
c ’onj unctn I ll  wi th  the powe t’ l eve l in g  e l l  ~r vol tage)  so as to reduce the out put

powe r leve l  of the t r ansmi t t e r .

\ ‘SWH Indicator—Th e \‘S\Vl l in d l i c a t l  I5  l)I’ U V i d Ls a means ( I f  monitoring
antenna qua l i ty  via  the telemetry l ink . \‘SWH is defined by the equation
VS\VR = ‘I~ 

+ 
~ R ~ i’ 

— V
11 

whe re \‘j . is the incident  HF voltage on the t rans—

m j s Si I )n  l ine and V
11 

is the i’eflected ~ Il tage . A dual directional coup ler i s

u t i l i zed  to (Ut in and The m :tt l ie i i iu t i c ’at  operation is pe r foi’med through

the ’ U SC I) i an analog and dligit al circuit  imp lementation .

Fa i l— Sate  Controls—Due to the obvious implicat ions of placing a j ammer
on—boa rd the a i r c r a f t , certain other “fa i l—safe ” features become appropriate .
‘rhe d i lemma of jamming the aircraf t  with its own jam t ransmiss ion had to be
avoided . This consideration led to the imp lementation of a ground initiated
j a mmer  turn—on scheme , which was automat i ca l ly  turned off in the airborne
package 3 seeondl s later . Several “momentary on ” cycles allowed pilot and
tel cmctr  observers to verif y proper autopilot  performance and avoided the
p c s s i l ) l l i t v  of the a i rcraf t  being jammed and thus unable to tu rn  the j ammer
of f . In add lition , the j am m er  was automat ica l ly  turned off in the event of “loss
( If  s ignal” or if Kraft control ~-as introduced .

Barrage Jamm er—The barrage j ammer , as furnished by ASA , was
contained in a package s inches x 5 inches x 3 inches. The j ammer  in that
configuration was too large and heavy for direct installation in the RPV .  In
addition , the barrage jammer was required to he directly interchangeable with
the spot j am m er . In order to meet the interchangeability requirement the
barrage jam rner was repackaged , and the items not needed in this app lication
were  removed . The jamme r consisted of the RF circuitry (3 modules) ,  two
nicke l—cadmium rechargeable batteries , and two control t imers.  The contro l
t imers  were utilized for automatic unattended , turn—on and turn—off of the
j am mcr . As the jammer control was instrumented via the Vega control l ink ,
the t imers were no longer necessary and were omitted. The form factor and
weight of the nickel-cadmium batteries precluded their use . The power
required by the jamme r was furnished directl y from the on—hoard alternator
on the E—10 0 , and by the addition of a lithium battery pack in the E-43. The
li thium cells were chosen for their excellent power—to—weight capability . The
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!‘c n l a in i l lg  R I -  c i r c u i t ry  c onsisted ( I t t iii’ee inodu i c - S , which  ~ve re repa ckag ed so
as to be di t’ ec -t lv  i nte i’eh an geab le with the sp c)t j am iner .

Jamme r / R  P V Integration—The j amme r was inst ah led in the flI se- of the
E— 45 and was a(ee ’ss i I ) lc  by r emov ing  the nc~se cone . As the 1 —-I ) a l te rna tor
tioc . s not produce suff ic ient  e x c e s s  power LI,  operate the j a mmer , a l it h i u m
batte i’y P ac k  was used which was attached d i r e c t l y  to the j a m m e  r , the rebv
f o r m i n g  a s ing h e integrated package. ‘l’he na crow band j a mme r contained an
integral , mul t ip le f in heatsink t I c  prevent  excess ive  te m perature rise . When
ope rat ing at the and 10 watt HF power levels , na tura l  conve r ’sn ‘n \v:Is
adequate : h i uweve m’ , for c ontinuous ope ration at the 23—watt level , it ~va s
n ecess a  cv to pr c)v idh e forced air  cooling. In—flight  cooling was imp lemented
th rough the- use of ram a i r  obtained via two holes located on the front  of the
n ose (‘( ( I I C . The j a mm e r  mounting bracket \\-as uti l ized to form a duet direct-
ing the i’am air  over the heat sink and ult imately to the exhaust port located on
the bottom of the nose cone .

On the l i — lOU , the jammer was located on the left—hand sid e of the
vertical  bulkhead . The l i—lO U alternator has adequate power available : thus ,
a batters ’ pack was not necessary. The rain air cooling was obtained via a
scoop located on the hinged cover (see Figure 7) and was d irected over the
heatsink via a duct built int o the mounting bracket and subsequently exhausted
via a second pc)rt.

Antenna Heel

Mechanical Design—The antenna reel mechanism as envisioned would
includ e a drive motor , reel , potentiometer , retraction and extension limit
switches , and a means of terminat ing the coaxial input feed ont o the rotating
reel. This assembly would be sized to fit into either aircraft  with univ minor
modifications in mounting , and would lie located as close as possible to the
aircraft CG to limit induced moments due to maneuvering loads.

This antenna material was  first d etermined as to strengt h , size , temper ,
and material that would withstand the flight envelope and he electrically effi—
cient . Bery ll ium copper No . 25 , heat treated to 1/4 hard , was determined to
be of sufficient strength and yet elastic enough to be stored on a small diameter
reel . The diameter was also selected as 0.020 in. single strand.

Thi s selection allowed calculations to be made on induced drag and the
weight necessary tc) keep the antenna within a 20° angle of attack at expected
flig ht velocities.
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The reel an( 1 drive motor were designed using the torque values obtained
fi’ oni  th e  p r ey  i I t s  c ’a lcul at ion s . The reel was designed as a single wire—upon—
W ire  s t u c k  i n orde r to s in ip h i f v  the i’ecI and delete the need of a lateral follower .
1. sing a 1—inch—diameter  hub , approximatel y 22 turns provided the m aximum
antenna length of 9~I inches in a 2—inch—diameter  reel . The motor selected was
a Globe Type SS equipped with a 12—V armature  and a 4~ 5—to— l gear drive ,
al lowing a maximum torque of 70 oz. in. at an output speed of 20 to 23 rpm .
‘I’ime to extend to th~ maximum length would lie approximately one minute ,
which was judge d to be acceptable.

The reel would be electricall y hot , so it had to be insulated from the
motor and all chassis piece s. A small HF rotary joint was located that would
be acceptable to use as the means of running the HF from the external non—
rotating input to the rc)tating reel . The reel itself is insulated by ny lon spacers
on each side w ith ny lon screws holding the reel halves to the rotary joint and
motor drive shaft . Gearing was provided in orde r to drive the 10—turn pro—
po rt iunal  length control potentiometer wi th in  the full  length extraction of the
antenna line . To insure cutoff at both the retraction length and the full  extrac—
t i ( I f l  lengt h of the antenna line and also to protect the 10—tu rn pot from overdrive ,
two stops were incorporated. The retr action stop was a rnicroswitch activated
by :o lever that closed with an adjustable stop on the antenna line itself . How-
ever , the extraction stop had to be made through the gear drive in order to stop
the motor and prc)tect the pot. A precision spur gear driven off the pot shaft
was used p lus a worm drive to reduce the speed and to allow actuation of a
micru switch through a p in on a rotating wheel .

A layout of this design was made using overall dimensions that would
allow placement in both the E—45 and E—1 00 close to the CG but not requiring
any major a i r f rame redesign.

Two plates were used with ny lon spacers between to contain and mount
the d rive motor and othe r reel components. (See Figure 16.) Weight of the
drive unit without the external antenna weight was 1. 30 pounds .

A weight at the end of the antenna line is necessary to keep the antenna
as vertical as possible . Calculations showed that about 1.5 pounds was
necessary for  the E—100 velocity, expected to be 90 to 100 mph , at the maxi—
mum antenna length of 9 feet. A weight design was made based on a low drag
fat streamline object with a 1.5—pound weight cast from a Cerrobend low melt-
ing point lead alloy . Vertical fins were added for directional stability. Fab-
rication was made using a east , 2-piece mold of Devcon. Connection to the
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antenna line ~‘as throug h a space type f a s t ene r  tapped into t h e  weight body at
the CG .

Electrical l)esign— ’I’he electrical drive to the reel m otor is a closed
loop servo arrangement permitting the remot e operator to command an~’ spe-
cific length . The feedback information required for this operation is in the
form of a dc voltage derived from a potentiometer geared to the drive mecha-
nism. The antenna length command is a dc voltage (0 to +5 Vdc) obtained
directly from the Vega uplink decoder (proportional channel No. 3). The com-
m and and feedbac k voltages are compared , producing an error voltage pro—
portional to the differenc e in the two voltages. The error voltage is subse-
quently converted into a motor drive signal . The polarity of the drive signal
drives the motor in a direction to zero the error voltage , at a speed proportional
to the amplitude of the error voltage. The motor drive circuit employed mech-
anic al stops to protect the reel from mechanical overdrive. The m echanical
stops are in the form of two microswitches (one for the maximum antenna
extension , the other for the minimum or stowed position) which remove the
motor driv e voltage when activated. The maximum extension switch is closed
by a cam arr angement geared directly to the mechanism , while the stowed
position switch is closed by the antenna weight when the stowed position is
attained.

RF Characteristics and Calibration—The antenna was subjected to a
series of tests in order to determine the RF insertion loss of the reel , optimum
antenna length versus frequency, antenna pattern , and antenna gain.

The insertion loss was measured by comparing a signal level radiated
by an antenna fed directly, versus the same length antenna fed via the reel
mechanism . Although the loss varied as a function of frequency, it was less
than 1 dB across the band .

The optimum antenna length versus frequency was established by ad-
justing the length so as to min imize  the VS\VH exhibited by the antenna while
operating at a fixed frequency. The ini t ial  tests disclosed erratic V S\V R read-
ing at the lower frequencies which was attributed to an inadequately large
ground plane. The groun d plane was enlarged by the addition of metal conduc-
tors along the entire length of the wing (120”). The subsequent test data more
nearly followed the predicted curves; however , undesired resonances occurred
between 60 and 70 MHz.  The radials were then shortened to a total length of
97” which eliminated the resonances.
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The antenna pattern measurement  was made through the use of f requenc y
seal ing techniques as the large size of the HPV and the low frequency of opera-
tion (thus long antenna lengths and the associated measurement problems due to
ground reflections) would require special fixtures which were beyond the scope
of this task . In frequency scaling, the physical size of the frequency related
structu res (antenna length and air frame) are inversel y proportional to the
change in f requency;  for examp le , a 10:1 increase in frequency would require
a 1/10 scale model of the antenna and RPV. The antenna patterns were made
in an RF anechoic chamber whose frequency characteristics required a scaling
factor of 34:1 for  an actual frequency of 50 MHz. A simp lified antenna model
consisting of a whi p antenna pe rpendicular to a circular ground plane was used
for this test. The diameter of the ground plane was based on the RPV u ing
span of 120” which thus scaled down to a size of 3. 5” . The electrically small
size of the ground plane (0.5 “. ~ 50 MHz) produced a double hemisphere pattern
like that of a typical dipole as opposed to a single hemisphere produced by a
whip over a ground plane of adequat e size (see antenna pattern as related to the
RPV in Figure 17) . The fact that the scale model antenna produced a dipole
pattern was utilized during the flight test program when it became necessary to
change from the extendable trailing wire antenna . Since the radiation pattern
extended above the RPV when a 1/4 X antenna protruded beneath the RPV , it was
deduced that the reciprocal would occur when a 1/4 X antenna protruded above
the RPV. Thus , the RPV was reconfigured by removing the extendable wire
antenna , and adding a fixed length , vertical antenna to the top of the RPV , there-
by permitting oper ating at a fixed frequenc y as determined by the antenna
length .

The gain of the antenna was determined by direct comparison of the
radiated field strength of the antenna mounted on the RPV with that of a gain
standard dipole. In this arr angement, the received field strength is a function
of antenna efficiency and pattern (assumed to hav e a standard dipole shape as
produced by the model). The gain of the antenna varied as a function of fre-
quency; however , it was within 2 dB of the standard dipole across the frequency
band. The effective radiated power (ERP) of the j ammer is directly related to
antenna gain as shown by the equation for ERP (ERP = PTGT where 

~ T is the

tr ansmitter power and GT is the antenna gain). A plot of ERP for a transmitter

output power of 10 watts (40 dB) is shown in Figure 18.

Dynamic Testing of Extended Antenna—Shortly after the first weight was
cast , a simple fix ture was attached to a car-top carrier that supported a motor-
reel and the antenna line with weight attached. The fixture hung about 12 inches
over the right side of the car. Several runs were made on a hot , gusty day to
determine the air flow effects at speeds up to 60 mph . Maximum length to the
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Figure 17. Typical Pattern Coverage in Flight
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ground was approximate ly  5-1 inches. ‘l’hc we ig ht s c - c - n i l - I  I c \t  m c - m m i e lv s t ab le
although some side movement was  noticed , but it v as ut t  I i i f l i L c d t c  t i t e  turbu-
lence experienced in close proximity to the car hod . The antenna l ine  at t a (k
angle was well  within the calculations at 6 to 7 d e g r e e s .

Later , when the reel assembly was comp leted , it ~ as decided to f l y  the-
i-eel assembly with the weight , and check out the fl ight  c h a r a c - t c m m s t i -s . Ar-
rangements were made to fl y in a Cessna 150 and hang the reel f r o m  the ~ ing
strut at its intersection with the wing. A siml)le bracket clamped on the - s t ru t
was made and a sheet of foam was formed to provide a protective housing .
During the flig ht at GO to 70 mph speeds , the line length was  c a b i n  c ont rohl ed
to obtain the length effects. Below a 3—foot length , the weight dieveloped a
side oscillation that gained intensity to appr oximate l~’ a 6—f oot iii ’ v e m n e n t .
Upon retraction , the period became quite short with a resu l tan t  pitch and out—
of—control motion . The pilot tried several a i rc raf t  adjus t i i i cn t s  h er  diffe rent
angles of attack , speed , aerodynamics t r im and power se t t ings .  None seemed
to change the resultant antenna mode. After 25 minutes  experiment t ime the
weight was lost , probabl y due to antenna line fatigue . It was  thoug ht that slime-

effect might have been due to aircraft  dynamics around the wheel f a i r i ngs  and
possible prop backwash.

An attempt was made to find another aircraft  with clean aer o dynamic-s
that could be used . A Cessna Cardinal was located that has ret ractab le wheels ,
no wing strut , and a tie—dow n bracket fur the r outboard on the w i n g  for a ttach-
ment of the reel assembl y. Arrangements were made and the necessa  m v  hard -
ware fabricated and assembled to the aircraft . The f i rs t  f l ight  \ \ a s  on a gu st y
day wit h much bouncing on the takeoff roll  and c - l imb—out , which produced a line
failure before the reel was activated . This was  el iminated by adding a foam
cushion for the weight to snug intc . The next flight went smoothly on take off ,
but the side oscillations were still apparent for lengths longer than 30 inches.
This turned int o a circular  motion with lengths greate r than ~d) inches. Dif-
fe rent aircraft fl y ing altitudes and banking did not seem to affect the resultant
oscillations. The flig ht lasted 60 minutes.

It noW appeared that the weight itself must be inducing the side oscilla-
tions even though several weights had been used. To mclre easil y experi ment
with d i f fe rent weights , a 2— by 4—foot wooden scaf fo ld ing  v as built  10—1 ‘ 2 feet
high to he placed on a pickup truck. The aerodynamic shaped weight showed
the same oscil latory tendency as before . Several other weights we re ti -ied
without this problem. Fishing weights (I f a teardrop design were tr ie d in
weights of 2G , 12 , and 10 ounces. All seemed to he self—dampened if several
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stops were made ( luring re t ract ion.  Changing f rom the tea rdrop t i I U (Ut 4 ) l f

teardrop shape did not appear to change the a er x Jy n a m i c -  characte risti c- s.
Clearance problems in both E—4 5 and E— 100 aircraft  made the use of the tear-
d iop  design marginal ,  it was believed that a round sphere would create fl()

different problems than a cut—off teardrop of about the same site. The drag
of the sphere or teardrop would be increased from the original shape , which
in turn  would affect the angle of attack of the antenna . However , this was  not
sufficient to be a factor .

The f l ight  tests were conducted using a cast lead weig ht , go l f  hal l size ,
which minimized the clearance problems on the I- — 15 worst  case. At tachment
to the line was made by a cast—in—p lace shaft pinned to a fishing b a l l — s w i v e l .
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Ground Control Station

General Description—The ground control station is housed in a 16—foot
step van in which two racks are assembled to hold control and monitoring
equipment . A photograph of the control van is shown in Figure 19. Each rack
of equipment is associated with a function relating to the autop ilot operator or
the jan uner operator . Strategically located between the racks is the Vega
radar control and plotting system. This arrangement presents convenient
access by either operator to observe and mani pulate radar control and plotting
status.

Located on either externa l side of the van are junctio n panels required
for ac power input (115 ac , 60 Hz) ,  telemetry output for remote monitoring or
recording, Vega radar cable feed—through to an antenna mounted on the roof or
some other strategic location , coaxial connections for boosted HF Kraft control
an(l ja mmer monitoring antennas , andi finally inputs from the pilot control box
used for the aircraft ’s manual mode.

This conf iguration allows the ground station to be an essentially ind e-
pendent and portable operation when provided with an ac power source. An
example of this capability was demonstrated during Melpar ’s previous flight
testing at Fort Huachuca on the East Range where the aircraft was launched
from a dirt road and ac power was provided from a portable unit.

Communications between remote manual pilot , autopilot operator , and
jammer  operator are maintained by a sound powered headphone party system.
Walkie—Ta lkies were used in preflight range control testing of the aircraft .

— RPV Control—Essentially, the RPV has three modes of control . The
description and purpose of each are as follows:

a. Remote Manual Control: This mode was used primarily for launch
and basic aircraft  checkout before transferring to autopilot while airborne . It

allowed the aircraft to be placed in a safe attitude within visual observation in
the event the autopilot performance turned out to be unsatisfactory. In addition ,
remote manual control serves as a bac kup (luring airborne autopilot checkout
procedures. Since manual mode has priority over autopilot mode , the manual
pilot has primary control. It is at his discretion whether the aircraft is trans—
ferred to autopilot or returned to manual . He has the option of doing this on an

independent loop basis (heading, altitude , or angle of attack) or by transferring

all three loops at one time. Under normal circumstances a mode tran sfer i s
requested by the autopilot operator.
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b. Autop ilot Mode: Once proper t r im characteristic s have been
established for manual control , t ransfer  to autopilot is in ordler . ‘l’his is
achieved by throwing three switches simultaneousl y or in sequenc e on the
miia nua l control box. An indication that such a transfer  has taken place is
communicated verbal ly  over the sound! powered phone system and verified
elec-tr onical l y by appropriate light disp lay on the autopilot control console.
Autopilot commands can now be appropriatel y updated as necessary to achieve

flig ht profile requirements. To assist the autopilot operator in the decision—
making process of on—board status , eight channels of telemetry are available
on the observer panel . Four primary channels , A/A , altitude , velocity, and

heading erro r , are duplicated and placed strategically on the pilot control
panel in a manner which minimizes visual clutter. Aircraft  position is dis-

played on the radar plotter located adjacent to the AP operator. Mission ob—
jectives may now be undertaken by th€ use of three uplink commands. A
clock—faced , 10—turn pot providles altitude commands; a calibrated slide pot
command s proper angle of attack; and a compass dial provides heading com-
mands. With these three simple controls , the autopilot operator can perform

all maneuvers necessary for an autopilot mission.

c. Kraft Control Mode: Kraft control is a comp letely separate up link
command and control system. Its main purpose is to provide a fai l—safe backup
in the event of abnormal Vega radar control. Airborne electronics requi red
for Kraft control are designed so that battery power will be provided should the
on—board ! alternator fail. This system bypasses the majority of electronics
associated with Vega control for either autopilot or m anual control of the air-

craft . This provides a significant margin of safety in regard to possible on—
board electronics failure. Only manual control is available through the Kraft
link . Introduction of Kraft control automatically inhibits the jammer trans-
mitter.

Jammer Control—The jammer control panel contains all the functions
necessary to operate the ja mmer and the telemetry display meters. The
panel includes:

a. Coarse Frequency Control: 0 to 5 volt Vega analog up link channel
controlled by a 10—turn digital disp lay potentiometer.

h . Fine Frequency Increase/Dec i-ease: A spring—loaded , single—pole ,
double—throw togg le switch am-ranged conveniently to allow the operator to

visual ly  ob serve nd remotely adjust the lam signal frequency with  i- csp eet to

the th reat signal on the panoramic disp lay.
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c. Dispersion Inc rease/l)ccrease: A s~)ring—Ioaded , single—pole ,
double—throw toggle switch arranged to remotely fine tune the dispersion while
observing the threat signal bandwidth on the panoramic  disp lay.

ci. 0~ Momentary : A toggle switch that ini t iates  a 3—second “on ”
state ( I f  the j ammer  but is turned off automatically through (In—boa rd electronics .

e. On Normal: A red lighted switch that  is i l luminated during normal
jam me r operation .

f. Antenna: 0 to 5 volt Vega analog uplink command controlled by a
10—turn digital display potentiometer.

g. Telemetry Data: Power out , antenna length and VSWR .

Telemetry—Basicall y, eight analog channels of 0 to S volts are pr ovided i
with a resolution of t5 mV. Three channels are switched at the disc retion of
the autopilot operator to provide jam mer data. Telemetry channel s and
function are as follows:

Channel 1 Altitude

Channel 2 Heading Error

Channel 3 Velocity

Channel 4 RPM/VSWR

Channel 5 Angle—of—attack

Channel 6 Yaw Rate

Channel 7 Rudder Position/Jammer Power

Channel 8 Elevator Position/Antenna Length

Ground Support System

Ground Power Unit—The ground power unit (GPU) supplies all the power
requirements of the RPV and in addition provides a means of testing the RPV
power supply without running the engine. The GPC utilizes an alternator
(identical to the on—board unit) driven by a universal ac motor to produce the
power. The on-board unit is simply replaced by the GPU unit via an umbilical
cable and a transfer switch. Thus , the rectifiers , filters , field regulator ,
etc. (necessary to produce the various dc voltages), are the on-board devices
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and can therefore be tested without the necessity of i-unnrng the engine. The
GPU also provides a convenient means of monitoring the power supply voltages
(via a front panel meter),  assuring proper power supp ly operation prior to
applying power to the electronic c i rcu i t ry .  The GPU also provides the field
flash voltage required to initiate the generation of power by the alternator.

Altitude/Velocity Si rnulator~~The altitude/velocity simulator provides ’
a means of dynamically testing the altitude control loop of the autopilot and
the air speed indicator . The altitude simulation consists of a vacuum pump,
a barometric altimeter , and associated p lumbing. The simulator is connected
to the on—board pressure sensor , permitt ing calibration of the altitude telemetry
as well as testing the autop ilot . The veI I I c - i ty  simulator contains an air corn—
l ressor , an air speed indicator , and the associated plumbing. The calibrated

• air pressure thus produced is connected to the on—board pressure sensor via
— the pitot tube , thus permitting calibration of the air speech telemetry.

Compass Rose—The compass i-ose is a test fixture used to calibrate
the magnetometer and to test the head hing loop of the autopilot. Because the
magnetometer produces heading i nformation from the earth ’s magnetic field ,
the fixture must be construd -tc(h from nonmagnetie material so as not to produce
magnetic field distortions. The fixture is a hold ing cradle mounted on a turn—
table to readily permit measurements at all points of the compass. The turn-
table includes a means of leveling the RPV and is calibrated in 15° increm ents
of compass headings .

50

- - - 5 -
-—- - -,

—5- - ~~~~~~~~~ - - —5



--- — - - — -~~~~~~~ - - - -- -  -~~~~~~~~~~~

FLIGI IT ’!’ ESTS

Seven flig hts were made during the period of 9 N ov ember  to 23 Novembe r
1976 . Prior to each flight a detailed preflig ht check of the RP V was conducted.

The preflight test procedure was designed to test and evaluate the com-
plete system , i. e . ,  control link , avionics , telemetry link , and ground control
stations . The check list is shown in Figure 20 with a brief description of each
step as follows.

The RPV is connected to the ground power unit (GPU) with the pod on—
off switch in the off position. AC power is then applied to the GPU at which
time the presence of the DC voltages utilized on board the RPV are verified
on the meter located on the front panel of the GPU. If all voltage s are present
and of the ol-oper level , the pod is turned on and the checkout begun.

This te-a is designed to cheek the rudder actuator , the Vega manual
rudder control channel , and the operation and calibration of the rudder
telemetry channel. The position of the rudder is determined by direct
observation , utilizing a calibration fixture built into the vertical
stab il izer .  The rudder is moved by the operator of the Vega manual
contrl d ‘mntil the desired position is obtained as determined by the
obser-;er at the RP\ ’ at which time the telemetry reading is recorded.

This test is d esigned to verify proper operation of the elevator actuator ,
the associated Vega manual elevator control channel , and the operation
and calibration of the elevator telemetry channel. The position of the
elevator is determined by direct observation utilizing a calibration
fixture built into the horizontal stabilizer. This test is performed
similar to that of the rudder .

This test verifies proper operation of the Angle of Attack ( a )  sensor
and the associated telemetry channel. The a flag is manually positioned
(utilizing a test fixture temporarily attached to the pitot tube assembly),
at which time the telemetry reading is recorded.

This test is designed to determine the operation and gain of the ang le of
attack (~~~~~) loop of the autopilot , and the calibration of the ~ command
control in the ground station . The autop ilot controls the rate and
direction of the elevator movement , not the position. Therefore , if
the RPV ~ (as simulated by manually positioni ng the flag) is the same
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52

~ 

-
~~~~~~~~~~~~~

-
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~



---5—-- -~~~~~- - - - - -~~~~~- - - - - - - 5- 5 - - - --—---— --5---~~~~ --- 5- -—

0 Simulated Alt i tude 0’ 1000’ 2000 ’ 3000 ’ 4000 ’ 3000’

I M

Alti tude Comm. 1000’

M ax Thro ttl e

Mm Thrott le

Simulated Velocity- 30 60 70

ThI

Heading 000°

Heading Command

Heading Er ro r  TM L—30 ° L— 10° 0 R—10° R—30°

Rudder Def. TM

_ __  >< ><

Figure 20. Preflight Check List (Continued)

_ _ _ _ _ _ _  
- 

~~~ _ _.~~~~L55 _ 
-- 

j



- --_________

h e a d in g 090°

It  cading Co U) manci

hId- a c hng I ; 11’ Oi I M  L 3() I~~10° W R 10’ R 3 0

Rudder  Del . TM

S 

(i -i 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

__  ><
I tc’ [l (h ifl g I -~0

h ead ing Command 
—— ________ ______

h ead ing Er ror TM L— :~() L—1 0°  0 R— 10 R—3 0 °

Rud c lei De l . 1’M

>< >< ><
I le ading 270

11 cading Corn mand

Heading Er ror TM L— 3 0° L— 10° 0° R — l O °  R—3 0~

Rudder Def. TM

_ _ _  >< _ _

Figure 20. Preflight Check List (Continued~

~~~~~~~~ ~~~~~~~~~~~~~~~~ .~~ 

e~,. 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ __ __ ~~~



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Rig ht Turn ( -  dlc\’ ) Lef t ‘I’urn (— deV)

Yaw Deg/sec. 10° ~~ 0 (~~0 4° 2 °  0° 2~ 
0 6° 

~~ 10°

Sim. Yaw 1. OV . SV • 6V . 4 V . 2V OV . 2V . 4V . GV . ~V 1. OV
Voltage

Yaw TM

Yaw Nose Right Yaw Nose Left

~ Yaw ‘I’M Left Right

~ Rudder  TM Left Right

RPM 3000 5000 7000 8000

TM

Circle & Climb

Rudde r

Commanded Alt.

UpE 1. above Comm.

Figure 20. Preflight Check List (Continued)
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Freq.

5W lOW 25W Barrage 1:1 2: 1 3:1

RF Power >< ,V” 

_ _ _ _ _  > < <  ____

RF Powe r TM 
>< >< >< ><~~~< ____

V SWR ‘I’M ><><>< ::::~( ____ ____  ____

Freq. Comm. _ ><><>< ><><><
Freq.

5W lOW 25W Barrage 1:1 2:1 3:1

O
RF Power 

_ ___ __ _

RF Power TM 
_ ___ _ _ _

VSWR TM )x(>< >< )~
( 

____ ____  ____

Freq. Comm. 
~~~~~~~ ____ ____ _____

Freq.

SW lOW 25W Barrage 1:1 2:1 3:1

RF Power N N 
_ _ _ _  _ _ _ _ _  >< >< ~ 

-

RF Power TM 
_ _ _  

N 
_ _ _  _ _ _ _  ><><><

V SWR TM ><>< X>< ____ ____  ____

Freq. Comm. 
__  >< <><><

Figure 20. Preflight Check List (Continued)
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Ant. Length 30 40 50 (10 70 80 90

Ant . TM

Ant. Comm.

Figure 20. Preflight Check List (Continued)
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as the y commanded , the elevato r will not move . ‘I’he ground control
command is positioned so as to stop the elevator movement  at which
time the & commanded is recorded.

The second part of the test is designed to measure the gain of the
elevato r loop of the autopilot. The elevator rate is prop ortional to
the error between the commanded cy and actual cy ( i n  thi s case , a 2 °
error is set up and the elevator timed for a movement of 10°).

This test was designed to verify operation of the pitch gyro and the
• associated autopilot circuitry on a go/no—go basis. The RP\ ’ is

physically moved which results in movement of the elevato r as
verified via the telemetry.

— This test is designed to determine the status of the altitude sensor ,
the associated electronics , and the telemetry channel. The altitude
test box is utilized to simulate the particular altitudes at which time
the telemetry reading is recorded.

• ~~~ This test is designed to determine the operational statu s of the altitude
loop of the autopilot as well as the loop gain. The throttle position is
proportional to the error between the commanded and actual altitude.
In this test a 1000—foot altitude is commanded , and the simulated
altitude is adjusted until minimum and maximum throttle is just
achieved , at which time the simulated altitudes are recorded.

This test is designed to determine the operational status of the velocity
sensor , associated electronics , and the telemetry channel. The hose
from the velocity test box is attached to the pitot tube and the air pump
inside the test box is run until the desired velocity is indicated on the
air speed indicator at which time the telemetry reading is recorded.

This test is designed to check the magnetometer, the heading loop of
the autopilot , and the telemetry channel. For this test the RPV is
installed on a rotatable fixture set on a compass rose which has been
set up away from all metallic objects and aligned to be level. The
fixture is positioned so as to align the RPV for a heading of 000° (in
the case of test 9A ). The heading command to the RPV is then
adjusted until the desired heading error is indicated on the telemetry
(for example , a commanded heading of 030° should produce a heading
error of LEFT 30°) at which time the commanded heading is recorded .
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In addition , the rudder deflection is recorded at each heading e r i l Ir

which is utilized to compute G~ . Due to the method of i m p l e m e n t i n g
the electronic circuitry this test must l)e repeated at RPV hca d in ~~ of

090° , I sO  • 270 ’ , (tests , , and , i’c specti\ u k

This test is designed to check the operation and calibration ol t h -  ~av~
rate telemetry channel. A dc voltage is used to simulate the gyro output
(the voltage amplitude is proportional to the turn rate , whi le  the J x } l a r i t \
is determined by the direction of turn )  at which time cne t e l eme t ry
indication is recorded.

This test is designed to check the operation of the yaw i-ate feedback
loop of the autopilot on a go/no—go basis. The nose of the RPV is

- 
- 

physically moved at which time the indication of rudder movement and
- 

- yaw rate on the telemetry channels are recorded .

This test is designed to check the tachometer circuitry used to
measure engine RPM and the associated telemetry channel . Th e ac
voltage produced by the alternator is used to trigger the tachometer
circuitry;  therefore , as the GPU consists of an identically d riven
alternator , the tachometer circuitry can be tested without i-unni ng the
engine. The speed of the GPU motor is set via a front panel control
for the d esired RPM (as verified by a mechanical tachometer) at which
time the telemetry indication is recorded.

‘l’his test is designed to check the circuitry which command s circle and
climb in the event of the loss of the Vega uplink. As previously
mentioned the presence of the Vega uplink is signified by a 2—liz square
‘vavc transmitted on discrete channel No. S. This signal can be dis-
abled at the control van , thereby simulating loss of Vega. Upon
simulat ing loss of Vega , the rudder deflection , altitude command ,
and elevator command produced by the on—board program are recorded.

This test is designed to check the jammer  installed for the particular
mission (narrow—band , or barrage). Initially, the j a mmer  frequency is
set f rom the control van to the particular mission frequency. The
frequency is accurately set by monitoring the radiated signal (leakage
radiation) on the control van receiver. At t h i s  t ime , the frequency
conin iand (tEll setting is recorded. The RF power is then measured
directly on an HF power meter for each power setting (3 , 10, an d 23
w at t s )  at which t ime the telemetry indication is recorded. ‘l’he \ S\V H
t e l e m e t ry  is only checked by removing the antenn a and substituting a
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dummy load ( If  the prope r value to produce the desired VS\\ ’I ( ( f om

example , a 25 ~ load is used to produce a \ ‘S\VR of 2:1 ) .  At this

time the t elemetry indication is recorded.

This test is designed to check the operation of the extendab le antenna

and the associated telemetry channel. ‘l’he RPV is raised via a pulley

arrangement so as to p ermit  the extension of the antenna. The antenna

is extcfldled to specific lengths as verified by direct measurement , at

which time the command setting and telemetry indication is recorded.

At the conclusion of these tests , ii the results were deemed satis-
factory the RPV is ready for flight. The RPV is then installed on the truck—to !- )

launcher and moved to the flight line. Approximately 15 minutes before
scheduled lift—off , the RPV engine is started and its operatio n (idle R P M ,
maximum RPM , acceleration characteristics , etc.)  is checked. Upon assuring
satisfactory operation , the on—board alternator is activated by f lashing the
field from the GPU (the previous engine tests were conducted using the Kra.ft
fail—safe battery). The operation of the alternator is verified at the GPU at
which time the RPV avionics is turned on. The launch truck is then moved to
the end of the runway at which time a range check of the control link s is per-
formed using both Vega and Kraft (the Kraft link is checked at both power
levels , i. e., the intrinsic power of the self—containe d Kraft transmitter and
the S watts obtained by external amplification). The test consists of operating

the flight controls (rudder , elevator and throttle) which are verified by the
launch crew. Upon verification of the control link s the RP\ ’ is cleared! for
launch at which time the launcher safety pins and the arresting devices
(launcher and —

~ flag) are removed. The control van is then checked for launc h
readiness (Vega plotter aligned and activated , telemetry recorders started ,
etc.) at which time the pilot is alerted that the RPV is ready to launch (the
prelaunch check list is shown in figure 21). The pilot then commands
maximum throttle and , if verified by the launch crew , the launch is commenced .
The launch truck is accelerated until the lift light comes on at which t ime the
RPV is released! via  the hand mechanism (the launch crew has the prerogative
of aborting the mission during the run— up of the launch truck if any thing appears
amiss). As mentioned , a total of seven flights was made. A description of
each flight follows.

Flight Test No. 1. E—45—The f irs t  fligh t occurred on 9 November 1976 ,
utilizing the E— 45 equipped with the barrage jan imer and extendable antenna.

Lift—off was at 1040 hours under good weather condlitions and light winds . The
takeoff was under Vega manual control , which was maintained as the pilot
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Figure 21. Prelaunch Check List
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circled the field whi le  t r in in i  ing the aircraf t and gain ing  a l t i tude . At an a l t i tude
of 1000 feet , control of the RP\ ’ was switched from manual to autopilot one 1001)
at a time; i. e • , the elevator control was switched fi i-st , then the throttle loop,
and last the heading loop. The elevato r and throttle autopilot control functioned

~ve11; however , the heading loop had minimal response , i .e. ,  the turn rate was
very slow . At that t ime it was decided to condluct the remainder of the flight
under manual heading control , maintaining the elevator and throttle in auto-
pilot. The command was then given to extend the antenna , while the RPV was
uridler visual observation. The antenna was dep loyed to the maximum extension
(108 inches) and appeared to maintain a good deflection angle with little lateral
motion , although constant observation was impossible due to the altitude and
range of the RPV. After several minutes of flying with the antenna fully
extended , the antenna was retracted to 50 inches and the ja mmer was turned on.
The jamming signal was immediately observed on the spectrum analyzer dis-
play in the control van. After several minutes of jamming,  the jam signal
disappeared from the analyzer , although the TM data from the RPV did not
indicate any malfunction. Several second s later the pilot indicated that the
RPV was slowly losing altitude. This was then confirmed by the altitud e tele—
metry, although the engine RPM was at the maximum. The loss of altitude
persisted for several more seconds , at which time the pilot reverted to manual
control and landed the RPV . Subsequent inspection of the aircraft di sclosed
little damage; however , the antenna weight was gone and the upper wing was
marked as though by a whipping wire. It was concluded that the propeller had
been nicked by the antenna , causing the loss of power; the exact manner could
not be determined, It was further determined to install a propeller guard
between the antenna and the propeller to prevent damage on the succeeding
flight , and to increase the rudder deflection so as to improve autopilot operation
of the heading loop .
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Flight Test No. 2, E—45—Th e second fl ight  occurred on 11 November
1976 , again utilizing the E-45 equipped with the barrage jamn ier , extendable

antenna , and! the newly installed propeller guard. Lift—off was at 0900 hours
under an overcast sky with winds of 10 to 13 knots. ‘l’hc takeoff was again
under Vega manual control , which was maintained until an altitude of 1000 feet
was attained. The control of the RPV was then t ransferred from manual con-
trol to autopilot. The heading control was improved from the previous f l ight ;
however , the turn rate was marginal , permitting the RPV to travel beyond the
range of manual control . As the flight was not cleared for down—range op era—
tion , it was again decided to conduct the remainder of the fl ight unde r manual
heading, maintaining the elevato r and throttle control in autopilot. At this
time the antenna was deployed to 50 inches; however , visual observation was
not possible due to the overcast conditions . The jammer was then commanded
on , which was confirmed by the appearance of the jam signal on the spectrum
analyzer. The jammer remained on for approximately 30 seconds and again
disappeared . The RPV again began to lose altitude , although at a very slow
rate , and the pilot reverted to manual and landed.

Upon inspection it was discovered that the antenna weight was again
missing; some antenna wire was found wrapped around the propeller guard ,
and an indentation with paint marks of the same color as the antenna weight
was visible on the top of the wing. The conclusion as to the loss of power was
again laid to antenna wire nicking the propeller. The manner in which the wire
reached the propeller is unknown. However , the following speculations were
reached:

a. The antenna weight went behind the propeller guard as it deployed.

b. The propeller guard was ineffective (the guard was of marginal
size , slightly less than the diameter of the propeller).

c. The antenna wire went slac k due to g forces and was blown into the
propeller .

~j~ght Test No. 3, E- 100—The third flight occurred on 18 November
1976 , utilizing the E— 100 equipped with the spot jammer and extendable antenna.
Lift-off was at 0900 hour s under good weather conditions and lig ht winds .  The
takeoff was under Vega manual control. Upon takec ~f . the llP\T veered left and
started to dive. The pilot immediately recovered to straight fl ight;  however .
the rate of climb was extremely poor. The pilot was forced to turn shortl y
after launch (due to the location of a restricted air space) and lost altitude in
the turn. The pilot continued to circle the field in an effort to gain altitude.
At the end of the second orbit , the safety officer ordered the plane to he landed .
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Due to the extremely low altitude (approximately 50 feet which had been a
struggle to attain) , the pilot could not align the a i rcraf t  for a normal approach.
The aircraf t landed approximately 10 feet short of the east/west runway on the
north side and bounced onto the edge of the runway . Upo n inspection of the
aircraf t , it was discovered that although the dam age to the aircraft was sub-
stantial , it was repairable.

The post mortem investigation into the flight of the E- 100 was directed
toward two main areas: the calculated engine power required to fl y, and the
actual power produced by the engine during the flight.

The required horsepower is based on theoretical calculations related to
the aerodynamics of the RPV.  The calculations were based on several assum p-
tions such as dr ag coefficient based on a form drag of . 050 , a propeller
efficienc y of 65’1, a wing efficiency of S0~~, a linear l ift coefficient versus angle
of attac k , etc . (see Figure 22) .  Assuming the dr ag coefficient used was a
realistic number , it could be greatly affected by the trim of the aircraft. As
the E— 100 was somewhat altered (the engine ~-as raised which thus changed the
thrust line) since the maiden flight , the precise balance was not known at the
time of flight.

Therefore , the horsepower calculations hav e an uncertainty related to
the effect on wing efficiency caused by the dihedral and gull extensions , dr ag
coefficient , possible effect on drag coefficient due to trim , propeller efficiency,
and , at the low end of the horsepower curve , nonlinearity of the lif t  coefficient.

The horsepower produced by the E— 100 engine during the prelauncli
static run-up was determined to be 3. 4 hp. This was accomplished by measuring
the hp required to turn the E-100 propeller at several spec ific static RPM ’s
(as determined from the fligh t log). The propeller hp vs. rpm curve was then
fitted to the hp vs. rpm curve supplied by the engine manufacturer (it was
assumed that although , the maximum power may not be valid , the shape of the
curve remained the same) . Based on this information , the maximum engine
power during the static run-up was extrapolated to be 4 . 2 hp at approximately
7700 rpm .

As the available engine power appear s to be adequate (based on the
theoretical calculations), the propeller pitch was explored as a possible problem
area , for the maximum air speed in level flight is limited by the combination of
the pitc h and rpm of the propeller. The known flight data is limited to the
engine rpm (static , maximum unloaded at lift— off and during flight) and launch
veloc ity. The engine rpm was 5900 static prelaunch , 7200 maximum unloaded .
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Figure 22. Calculated E— 100 Power Requirements
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and 6400 in fl ight , while the air speed at launch ( t ruck speed plus wind)  was
approximate ly 70 mph . An immediatel y obvious fac t is the drop in rpm after
lift—off . This could be explained by a loss of engine power (due to carhuretion ,
etc . )  or that the pitch of the propeller in conjunct ion w ith the limited engine
rpm could not sustain the launc h velocity ; thus , the velocity dropped creating
an additional load on the propeller which caused reduction in rpm . In relating
velocity to propeller pitch , rpm , and slip, in order for the propeller to sustain
the launch velocity of 70 mph , the propeller slip would hav e to he less than 10~’ .

Recognizing the uncertainties related to the theoretical power calculations ,
the engine appears to have produced adequate power to fly. The velocity of the
E-100 was possibly propeller limited which , in conjunction with the increased

— drag due to trim conditions , prevented the E- 100 from attaining adequate air-
speed to produce the required lift .

The ensuing critique into the failure of the aircraft to climb adequately
resulted in the following conclusions. Although the rate of climb was marginal ,
the aircraft would hav e remained airborne if the pilot did not hav e to turn so
quickly to avoid the restricted airspace.

Flight Test No. 4, E-45--.The fourth flight occurred on 20 November
1976 , uti l izing the E— 45 equipped with the spot j animer. The jammer antenna
was now a fixed—length whip mounted on top of the nose. The extendable
antenna and associated drive circuitry had been removed and the autopilot
heading loop control had been extended. Lift-off was at 0915 hours under
excellent weather conditions and little wind. The takeoff was under Vega
manual control , which was maintained until an altitude of 1000 feet was attained.
The control of the RPV was then switched from manual to autopilot control.
The headin g loop control functioned well , produc ing turn rates of approximately
4°/see ; therefore the remainder of the flight was conducted under control of
the autopilot operator. After several minutes of autopilot flight the jammer
was commanded momentarily on , while the RPV was visually monitored for
possible reactions due to RFI. As there were no visible perturbations to the
flight char acteristics , the jammer was commanded on. The jammer signal
was immediately observed on the spectrum analyzer by the operator; the
signal appeared to be pulsating and was ineffective against the ground corn-
munication link that it was meant to jam . The fligh t continued for approxi-
mately 15 minutes , during which time the pulsating persisted and the jammer
remained ineffective. At that time the decision was made to terminate the
flight , and the pilot took over control of the aircraft in manual and landed
safely. Upon investigating the source of the pulsation , it was discovered that
the jam signal was overload ing the Kraft receiver (due to the high power level
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and collocation of the antennas),  c reating a signal indicating Kraft takeover
which shut down the ja mmer.  Therefore , an oscillatory condition was
established turning the jam nier on and off.  An analysis of the situation showed
th at the problem could be eliminated by two separate approaches: (1) insert a
bandpass filter between the Kr aft receiver and its antenna , and (2) prevent the
Kraf t loop from shutting down the jammer . As a bandpass fil ter was not
avai lable , and the equipment to design and fabricate one was not available in
the field , the latter course was taken. However , to prevent the ja mmer from
taking control of the aircraft  v ia  the Kraft loop, the K raft autopilot takeover
circui t ry  was redesigned so as to he disabled when the jam mer was on .

Flight -rest No. s, E—- ~5—The f i f th  flig ht occurred on 22 November 1976 ,
u t i l i z ing  the E— -45 equipped with the spot jammer (set for 10 w att operation and
modified to eliminate Kraft shutdown of the j animer) and whip antenna. Lift -off
was at 1330 hours under good weather conditions with little wind. The t~ keoff
was under Vega manual control , which was maintained until an altitude of 1000
feet ~-as attained. During this time some Vega dropout occurred although the
pilot did not report any loss of control. At this time the Vega antenna mounted
on top of the control v an was being used , whereas in the previous flights the
antenna on top of the Vega van had been used. The Vega dropout persisted at
which time the decision was made to transfer from the control van antenna to
the V ega van antenna. The pilot w as instructed to transfer to the Kraft control
system at which time the antenna transfer was made. Upon making the tr ans-
fer (a period of 4-5 minutes) control of the RPV was returned to the Vega
system . The Vega system again experienced dropouts for the first  several
m inutes (thus indicating the transfer of antennas did not cure the problem).
However , shortly thereafter the dropouts stopped and a steady lock was main-
tained for the remainder of the flight. The control of the aircraft was th en
switched to autopilot which was maintained for the duration of the flight. The
jammer was then commanded on , at which t ime normal operation was con-
f i rmed by the operator. The jammer was reported to be effective against the
ground communication link; thus , the flight was continued for approximately
30 ni m utes while the operator , in conjunction with the ASA officer in charge ,
conducted several tests to further aff irm jamming effectiveness. After a
flight t ime of approximately 60 minutes , the tests were concluded and the air-
craft  landed safely in the manu al mode. The path of this flight is shown in
Figure 23.

Flight Test No. 6, E— 45—The sixth flight occurred on 23 November 1976 ,
ut i l iz ing the E—45 equipped with the spot jammer (set to operate at a fixed fre—
quencv of 15 . 15 MHz at a 10—watt output level) and a whip antenna. Lift—off
occurred at 0900 hours under good weather conditions and a light wind. The
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takeof i  was under Vega manual  control , ~vh ich was maintained as the pilot
circled the field in order to gain altitude . During the third orbit of the field
the engine quit , forcing the pilot to make a “dead stick landing. ” The plane
landed safe ly w ithout any damage. ‘l’he ensuing checkout to determine the
cause of engine failure did not d isclose any apparent malfunction.  several
attempts were  made to run the engine , at which t ime the engine would star t
when manually choked , but would stall when the choke was removed. This
suggested blockage of the fuel line; therefore , the carburetor was cleaned and
new reed ~-alves were installed. The engine was subsequently restarted and
the necessary carburetor adjustments were made; then the engine ran well.

Flight Test No. 7, E —- 4 3—The seventh flight occurred on the afternoon
of 23 November 1976 after the engine was worked on , following the engine
fai lure during the morning flight. Lif t—off  occurred at 1500 hours under good
weather conditions . The takeoff was under Vega manual control which was
maintaine d as the pilot circled to attain altitude . At an altitude of 1200 feet
the pilot was making a wide turn to set up for transfer to autopilot control.
At this time the Vega control link indicated loss of lock. The Vega operator
reacquired lock several times , (luring which times the pilot indicated momentary
loss of control. The intermittent condition persisted for approximately 30
seconds and the pilot lost control completel y. The pilot then tr ansferred to the
Kraft control system ; however , by th at time the aircraft  was in a r ight- turn ,
nose—down attitude , at f u l l  rpm . The pilot was unable to acquire any indication
of control of the aircraft  via the Kraft link , and the plane continued in the dive
until it crashed. The RPV crashed approximately 1—1/2 kilometer north of
the field and was totally demolished.

The ensuing critique did not produce any concrete evidence as to the
cause of the crash. However , the following significant facts were disclosed:

a. The Vega dropouts prior to the crash would cause loss of control.
However , if the Vega problem was simply loss of up link , the system should
hav e reverted to a circle and climb mode 3 seconds after a loss of signal. As
there was no indication of the advent of circle and climb , there is no conclusive
evidence of a failure in the Vega link.

b. Control of the aircraft  could not be regained when the uplink was
transferred from Vega to Kraf t , thus indicating the Kraft system was not
functional.
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l h & -  two t i t - 1~ stated :L IX ) V ( led to the following conclusions :

:i . I h c  loss of \ c g a  control could h av e  been caused by numerous
~i i~~

- 1
~~ ~ns however  the simultaneous loss of the Kraf t control would lim it

the t:i I l u r ’ to c i rcu i t ry  common to both modes , namely the switching circuitry
ii a l l  t r a l i s f i r s  control from Vega to Kraft.

I ) . I lic - inah i l i tv  of the pilot to gain control of the RPV via the Kraf t
l i n k  could have been c aused by a failure of the circui try common to both Kraft
and Vc ga , or thc  Kr a f t  l ink could have been jammed by an external source of

Fl r e su l t ing  in t h e  transfer of control from th t - \ c/ga l ink , producing erro—
0 005 ~-o l1 lmands  to the avionics and blocking the Kraft receiver to the normal
u 1~h i n k  command s.
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S U 1 \ I M A H Y  OF JAM~ 1 ING EF FEC TIV F NES S

The effectiveness of the airborne jammer against a ground communica-
tion link was judged by the ability of radio operators to understand voice c om-
munication messages transmitted in the presence of the jamming signal . The
test was implemented by establishing a good quality two—wa communication
link between two or more stations in close proximity to the flight path of the
RPV prior to operating the jammer.  Seven RPV flights were made : however ,
only two (No . 1 and No. 5) produced any significant data . Flight test No . 1
consisted of the E--l5 equipped with the barrage jammer . The communication
link consisted of two stations operating at 45. 15 i\II l z. In addition , the c-urn—
munleations were being monitored with a PRC 77 located at the launch site .
Upon activating the jammer , the jam me r signal could be heard on the PHC 77:
however the communication link was not affected. Test flight No. 5 W a s  con-
ducted with the spot j ammer  on board . The jam mer was set for operation at a
fLxe d frequency of 45 . 15 M h z . At the onset of the jam me r operation , station
A was transmitting and station B was receiving. Immediately upon activating
the jammer , the communication between the two stations wa-s totally ob liter—
ated , with only the noise of the jammer heard. The jamming effectiveness
continued for several orbit s of the flight path . Communication between sta-
tions A and B could be attained onl y when the jan imer was turned off . Under
these conditions the RPV had a decided range advantage ove r station A. There-
fore in orde r to obtain data under more difficult conditions , the direction of
communication was reversed , i .e . ,  station B transmitted to station A . Under
these conditions , the jammer and station B were equall y distant from station
A . The communication between the two stations was again completely dis-
rupted when the jammer was turned on. The jam ming continued for approxi-
mately 15 minutes (several orbit s of the flight path) , during which time com-
munication could be established only when the jammer was turned off .
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CONCLUDING REMARKS

The possible interference between the Vega control link and the FPS-16
bears further investigation.

The FPS-16 is a tracking radar used for range safety control (which
includes beacon tracking capability) and can operate in conjunction with the
Vega beacon contained on the RPV . The FPS-16 and the Vega control system
operated at the same frequencies throughout the period of the jam mer flight
test: 5. 825 GHz uplink and 5. 725 GHz downlink. The Vega airborne system
has two modes of operation: track and control. The track mode of operation
operates with a two-pulse code with 3—p second spacing while the control mode
of operation utilizes a 5 gsecond spacing. Either code spacing will trigger

- — the airborne beacon; however , only the latter will activate the control decoding
circuitry. Thus , the Vega system can be simultaneously tracked and con-
trolled without interference , unless the two signals arrive at the same time ;
for example , if the legitimate signal arrived with the 5 ~isecond spacing (there-
by activating the decoder) and was immediately followed by the tracking signal ,
the decoder would interpret the track pulse as pulse position modulation and ,
thus , produce erroneous data. In addition , if the track signal triggered the
beacon just prior to the arrival of the control signal , the signal transmitted
by the beacon in reply would block the receiver to the receptions of the con-
trol signal. If the two systems were synchronized to one another , the phase
relation between the two pulse trains could be adjusted so that overlap would
never occur and , thus , there would be no interference. However , the two
systems were not synchronized; therefore , the pulse train will overlap for a
period of time dependent on the frequency difference between the two pulse
rates. In the worst case , if the two frequencies were identical , if pulse train
overlap occurred , it would persist continuously and would thus disrupt the
control link.

The only mission during which the FPS-16 was scheduled to track the
RPV was flight No. 4 flown on 20 November . However , the FPS—16 was
operating on independent missions during other RPV flights. Initially the
FPS-16 was using 5 ~second pulse spacing for those missions. It was in-
advertently discovered by Melpa r tha t while using the Vega system to perform
ground testing of the RPV the FPS-16 was having inte r ference problems.
Subsequent interplay between the two operations disclosed that the Vega system
was causing the FPS-16 interference. In orde r to avoid this source of inter—
ference during subsequent missions the FPS—16 changed t h e  pulse code spacing
from 5 ~cseconds to 7 ~seconds. Although this change would prevent the FPS-16
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from triggering the Vega beacon on—board the RPV , it did not prevent the
possible interference due to pulse train overlap.

The problem of pulse train overlap would certainly be a problem
during a mission in which the FPS-16 is tracking the RPV . It would seem
that the probability of occurrence would lessen during RPV flights in which
the FPS-16 was operating independently, as the RPV would have to be in the
antenna beam of the FPS-16. This may not be the ease , however , due to the
extremely high RF power capability of the FPS-16 (1 megawatt) and the close
proximity of the RPV site (1.5 kM). The free space transmission loss over
a distance of 2 kilometers at a frequency of 6 GHz is 115 dB. The FPS-16
transmitted power of +90 dBm and the Vega beacon receiver ’s sensitivity of
—60 dBm will permit operation over a total path loss of 150 dB. Therefore ,

— if the back radiation of the FPS-16 is greater than —35 dB , the RPV would be
continuously interrogated by the FPS-16.

A second approach to avoiding the potential RFI problem is to change
the operating frequency of eithe r the Vega system or the FPS-16. The fre-
quency selectivity of the Vega airborne beacon does not appear adequate to
prevent the FPS—16 from getting into the receiver however; therefore , an
additional external RF filter would be required.

It is recommended that the area of RFI between the Vega system and
FPS-16 be investigated prior to any future RPV operations in which both
systems are employed.
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APPENDIX A
E-45 GROUP WEI GHT STATEMENT

NIL-STD.1374 PART I 
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M.~d_- -
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CONTRACT NO. DAAJO2-76-C-0018

AIRC RAFT . GOVERNMENT NO._______________________________________

AIR CRAFT , CONTRACTOR NO. 6034

MANUFACTURED BY E-SYSTEMS

MAIN AUX
MANUFACTURED BY O&R

~ MODEL O&R2OA
NO. 001
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8 W A T E R  INJECTION —

9 ENGINE CONTROL —

T O STARTING ST S T EM~~ Ignition Batt 
_______ 

2. 6
II FR OF€I LER INST 4,LLATION 

________ 2. 3
12 SMO K E ABATEMENT —

1 3 LUBRICATING SY STEM 
_________________________________________ ___________

14 FUEL SYST E M 
_______________________________________________

IS  TANKS P R O T E C T E D  —

UNPROTECT ED 1.6
I? PLUMBiNG , er~
ii DILVE SYST E M 

_______________  ~~~~~~~~ 1. ~19 GEAR BO X ES t UB ST & ROT OR BRK —

20 T RANSMISS I ON DRIVE —

21 ROTOR SHAFTS —

2 2 JET D~~VE 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _

24 FLIGhT C ONTROLS GROUP 5. 6
25 COCKPIT CONTROLS A o top i l ot  Lb . )  T 3.9
26 SYSTEMS CONTROLS i’ s) T 1.2

~ Back-up I3att. i .5 _____

26 _  
-

• 
- 29 AUXILIAR Y POWER PLANT GROUP —

30 INSTRUME NTS GROUP —

31 HYDRA UUC & PNEUMATIC GROUP —

37 
_________

33 ElE CTRICAL GROUP —

34~ ___________________________________________________________________________________ __________• 
~~~~~~~~~~~~~~~~~~ __________________________________________________________________________ •

36 EQUIPMENT Ve ra 3.3
3 7j  INSTALLATION An~é~ ñä~ .2

39 ARMAMENT GROUP intl Fo.n v e P o t  lb .) —

4~Q FURNISHINGS & EQUIPMENT GROUP —

4 ! ACCOMMODATION FOR PERSONNEL
47 MISCELl ANEOUS_ EQUIPMENT ____________________________________________________________________
4 3 FURNISHiNGS
44  EMERGENCY EQUIPMENT
45 

_____________________ ____________________________________________________________________________________________
46 AIR CONDITIONING GROUP —

4 7 ANTI - ICING GROUP —

45 
________ 

—

49 PHOTOGRAPHIC GROUP —

50 —

SI LOAD & HANDLING GROUP —

52 AIRCRAFT HANDLING
33 LOAD HANDLING
54 

_________

55 MANUFACTURING VARIATION —

56 TOTAL FROM PAGE 2 
— 50.3

• 57 WEIGHT EMPTY 79.4
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---- • • - - - -~~ -- - - ---- — ——,•-—

GROUP WE IGt r T SI ‘ I I MI NT - -
M IL -STD .1374 PA R T  I USXFUE LOAD AND GROSS WEIGH! 4 0 t ;~

— _ _  - - — - — M.d. l ____________

1T(OAD(ONDWO N — 

_4 ~
‘T’ 

~~~~~~~~
i~~~C R E W N ) 

____  j  ~ J ______

4 - PAS S L NO E RS No I

~~

- LJNUSABLE ~~ IIIIIIi 1I~~~~ t
____ 

Gol~~~~~~~~~~ _~~~~~~~~~~~~~~~~ 1)
M4TERNAE 

_______ ~~Llflj tGiI)_fU(T 1 0 ________ __J

_ _  
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

-- 

_ _

It EX TE RNAL tl
f~~~~- Ue 1 1  

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

S

14 OIL I
IS TRAPPED - 

__________ /16 ENGINE

-C- -I - . i~Iii~~~~~~~~~~ _____ ___________________  _____

18 FUEL TANKS Lorotio n
LTi~~~

W AT
~

R INJL CTIO N FLUID ) Oak) •
~

_1
~ ________I~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

-—__________________

- T. 
_ _ _ _ _

~~ FGUN INSTALLATIONS
GUNS 

~
—

J L o c a t i o n  Pi , or ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—__________________________

I 
~~~

— I - ~~~- 
______—

~

2R AMMO I 
_ _  

_ _ _ _

29 __. 

~
. ___ 4 — - ._ _  I

-~~~~~~~ I —v-- 
~~~~~~~~~~~~

--—--.-- _ _

3 1 1  - I _~~~~~n• 3~ I WEAPONS INSTALL Intl Sob ’rror ,n. Detec t ion Eo p nndobIps I - •

33~
3 Jammer/Antenna 

______

~

i r I t  —-
~~~t

-- —-ii: ~~~
------

~
37 

______________________________________________________________________ _________ ________— 
I

39 
_____________________________ 

I
- ___

-
~~~~~~~~~~~~~

— —

42
43 

_____________________________________________________________________

44 -

45
46 EQUIPMENT
47

48 SURVIVAL KITS T. l IFE RAFT S 
_____________

49 I

OXYGEN 
___________________ ______ ___________

$1

52 _________________________________________________________________

54 — 
_ _ _ _  _ _ _ _I

T OTA L USEFUL LOAD I_ _ _ _  _ _ _ _ _ _ _SC WEIGHT EMPTY
____________________________________________________ I ___________ ___________________ 

• 7) i  I
GROSS WEIGHT 

— 0 4
‘L ,t Sr. rss + M. , I... S...b, n~ .. •r , F,IIo .d b, Inn , In,., h.. (I, .’.. .1, Mel P.rt et W .t hr 1 0 ’ y

L .sP t ds.sIr. .r.r . tn ,nt .. . end 0...t .y 5i A ll It se, Shs., l,.sI,d,ng .,t.ll .,,s.
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GROUP W EI4~ I I T  S T A T E M E N T
MII. - STI) 13 7 4  PART  I DIMENSIONAL ANT ) S T R U C T U R A L  DATA  f’ .1. -

—
— - Moe . i  

- -  

-
-

Ir .. - - — —  R.p.,,

I WING ROTOR ‘. TAIL GROUPS
2 WING H I b

4~~ MA I N ROT O R B ,o 1 nn Rotor ~~~~~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

TA IL ROTO R ~~~I I halo 
— —: _ l 

— 

—

6 HOR IZ TAIL 
- - 1 2 . 2 I - - — - I

7 V ERT TAIL L I . (I

9 A R E A S  Sq F I 
— — — 

I 
_______ 

Ho . To I V T Do I
iO~ Tb.o lon W ng & Rotor A ll Ot he r , E ,po,n d l 1-1 .3 — — 

‘ 2 , 1 : -
I T  ‘ Speed R n ,  I F l o p s  1 F l op .  [ T E l  S i o r s  Sp a I.,, A I.n~~’, 

—

112 1 AREA S Sq III 
- - — 

I 
_ — 

- - —  
— 

I 
— — 

, 
(1~

T3 
I BODY & NACELLE GROUPS 

— — 
I. gt h P t )  i Depth ) W d I F V c I  C I 

—
n j 4  F USE L AGE or HULL I

[ I s  BOOMS
— I NACELL ES 

- -

-— - - - - —  L~~~~~~~~~~~ _ - -
i_ I_ B . - - - - ~~i . _ _  I

9 ALIGHTING GEAR GROUP 
- 

Len g th - OIeo E,t OIeo T . ave l  L e ng th  A r r e S t  t n - t I

1 20 
— 

A I to 4 T a E t to Co l l opsed  H oh P
2 1 LOCATION 

- -  
I 

- -  
‘ 

- I - - -  -

[ 2 2  DIMENSI ONS 010.1 
- —  -- —  - —  I —[ 73 ,  ____________ 

I —  - -  —~~~- -— - -
- 24 PRO PULSION GROUP 

I

~ 25 _~~~~~,INES 
- - —  — _________ 

s in  rn~~~~~s .  ,o n - .  I.. i - l i  , . ‘ - .: . .  — 
- .r  -.

76 MAIN - I
2 7 T  AUXIL IARY 

- ‘ — - t —  - -

28 ROTOR DRIVE SY ST EM  D,.igtr H P 
• 

Inpot R P M  
, - . •. 

- ~~~~~~ 
_______

~29 
~~~~~~

— 
-- ______ —— - - -

I
— — -  _______

30 
— 

P,o Mct ed , 
Unpro tec ted  - l n t e ç r o l

3]
, FUEL : !T ER iT_~ 

L OCATION No To nIs  Ga l l on s  No lonb, Gal lons No To r i ,  Go on,

~32 
______________ 

W I N G J - -  

~~~~0~~~~~~ 
- — — -  -—

~~~~~~~~~~
- — - —  - -

33 FUSELAGE I 
-

1 34 - E XTERNAL •~~‘ — -— “ — —
~~

~36 OY 
-

—  

~~~~~~~ - 

-

-
37 ELE CTRICAL & 1OAD & HANDLING GROUPS :,.%..‘~~~ ~

‘• r.rn~~ ,

38 
I - - _ — - _ ---—-— -— - --— --  - —_____

40 STRUCTURAL DATA CONDITION -c , .  “~~~~
• ‘  ‘ I  ~~~~. 01 . ‘ .~~ - - I Ult L P

41 FLIG HT MANEUVER 
- 

I 
- 

125 .1) 
- -  ________

4 7  - G UST 
— - —  -- j - — — 

t 2 5~~(I I 
_______

LANDING 
-  - —  -- I --—— —1 • 125 .U 

-_______

- 
MAR GROSS WIfli ZERO WING F U E L  — - . 

— - — - --• - - — IIS. 1i
46 CATAPULTIN G 

- -  
_ _~~~~~~~~~~~~

- - -— -:-
~~~~~ 

.--i_ — -
n-i -

- -——47 LIMIT LANDING SINK SPEED f t  / S e c l  - — - - - I — - 
—- —.~~- - — ______

49 S T A L L  PD 11)0 CONFIG POWER OFF — : - — :— 1~~I~
SI R OTOR TI! SF0 AT DESIGN UMI T ~~~~~R ~~~~ !awe L - 

Ft / Sec 
— 

, ‘,~~. — —
52 , - — ~~~~~~~~~~~~~ L~~~~~ _ _ .  __________

53  ~ ‘ DESIGN LOAD Wnn g Ro b . Solo ,t 511 DESIG N SPEED A T S L  Knots) Len.I J~5K 
- 

___j  Din. 
_______

55 DES IGN SPD AT OTHLR ALTITUDES [ Al t Alt I
- - - 2IIL 1 I L  t~~~ 

-

L~~L0CPR W!IGNT TKotn on n.L II I - . .__J
~~~~~~~~~~~~ ‘ P t - ’ ,d •~ 

.Q, ,,,.n 
“F.,.Il.l to .t 4 r n I in W e .  1. 1 0..,, , 1~, t oe, ( I.,.. t ,. Peter.

•~~T.r.l U.,bl n C.po ,.ry 
0 n i h. .  t ies I ,

Iat . n 5 51.4, Atr. .h e,t t ,r •~~r ,, -
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